The Korean government has introduced and enforced maritime traffic safety assessment to secure traffic safety since 2010. The maritime traffic safety assessment is needed by law to design a new port or modify an existing one. According to Korea Maritime Safety Act, in the assessment the propriety of marine traffic system consists of the safety of channel transit and berthing/unberthing maneuver, safety of mooring, and safety of marine traffic flow. The safety of channel transit and berthing/unberthing maneuver can be evaluated only by ship-handling simulation. The ship-handling simulation is carried out by sea pilots working with the port concerned. The vessel' s proximity measure is an important factor to evaluate traffic safety. The proximity measure is composed of vessel's closest distance to channel boundary and probability of grounding/collision. What is more, the probability of grounding becomes important. According to central limit theorem, a sample has a normal distribution on condition that its size is more than 30. However, more than 30 simulation runs bring about the increase of assessment period and difficulty of employing sea pilots. Therefore this paper is to find out minimum sample size for evaluating vessel's proximity. First sample sets of size of 3, 5, 7, 9 etc. are selected randomly on the basis of normal distribution. And then KS test for goodness of fit and t-test for confidence interval are applied to each sample set. Finally this paper decides the minimum sample size. As a result this paper suggests the minimum sample size of 5, that is, the simulation of more than five times.
Introduction
In 2010 the Korean government determined that the maritime traffic safety assessment was enforced in order to improve the safety of the sea transportation in the harbor and harbor approaches (MOF. 2013a). The maritime traffic safety assessment is needed by law to design a new port or modify an existing one. According to the Korea Maritime Safety Act, the assessment is composed of five items such as investigation of marine traffic environment, measurement of marine traffic, propriety of marine traffic system, safety measure of marine traffic and comprehensive evaluation (MOF, 2013b). The propriety of marine traffic system consists of three sub-items, that is, the safety of channel transit and berthing/unberthing maneuver, safety of mooring, and safety of marine traffic flow. The safety of channel transit and berthing/unberthing maneuver can be evaluated only by ship-handling simulation. The ship-handling simulation is carried out by sea pilots working with the port concerned. In the result of the ship-handling simulation the vessel's proximity measure is an important factor to evaluate traffic safety. The proximity measure is composed of vessel's closest distance to channel boundary and probability of grounding/collision. According to the act the probability of grounding should be less than  or    . And also because the simulation run should be more than three times, the assessment may be carried on the basis of the number of three times.
According to central limit theorem, a sample has a normal distribution on condition that its size is more than 30 (Kim et al, 1999) . In practice, more than 30 simulation runs bring about the increase of assessment period and difficulty of employing sea pilots. Jeong (2014) presented the outline of the minimum sample in ship-handling simulation, which was not fully based on the statistics. Therefore this paper is to find out minimum sample size for evaluating vessel's proximity on the basis of statistics. At first sample sets of size of 3, 5, 7, 9 etc. are selected randomly on the basis of normal distribution. And then the  test for goodness of fit and confidence interval of the  -test are applied to each sample set. Finally this paper decides minimum sample size. Table 1 shows the current situation of local pilot districts in Korea (KMPA, 2014). The number of pilot can indicate how small the sample size is. The smallest number of the pilots is 5 in the port of Donghae, while the largest number is 51 in the port of Busan.
Assuming that ship-handling simulation is carried out by sea pilots only, more than five runs per simulation scenario cannot be done in the port of Donghae.
Pilot district
Number At first in order to decide the minimum sample size or minimum simulation run, this paper generates the random sample set on the condition that its population is normally distributed. At the same time the collision or grounding probability is less than    . The following indicates an example of population, which is obtained from the latest maritime traffic safety assessment.
Average： Variance：     Collision probability：     Using the above parameters the paper obtains the random sample sets with the size of 3, 4, 5, 6, 7, and so on. Each random sample set will be composed of 20 simulation sets. Each sample set is tested by  test and  -test. And the confidence interval of each sample set is given (MathWorks, 2014). Table 2 , Table 3 , Table 4 and Table 5 depict the samples, the result of inference( test), and the confidence interval of each sample set of the size of 3, 4, 5, and 6 respectively. According to the  test, all of sample sets indicate that    at a confidence level of    . It means that the null hypothesis of the normal distribution cannot be rejected.
Therefore the paper uses the confidence interval of each sample set given by the  -test. In these tables the parentheses in the column of confidence interval describe the range of the interval. In Table 2 of three simulation runs, 14 sets of 20 have the range of confidence interval of more than 70. They are underlined and shaded. In Table 3 of four runs, 7 sets of 20 have the range of confidence interval of more than 70.
However, in Table 4 of five runs and Table 5 of six runs, no set of 20 is over the range of confidence interval of 70. In view of the result we can conclude that the larger the sample size, the smaller the range of confidence interval is. Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6 and Fig. 7 show the confidence intervals and box plots of the sample sets obtained from Table 2 to Table 5 . The confidence interval of each sample set are given by the symbols of '×' above and below each box. The tops and bottoms of boxes are the 25th and 75th percentiles of sample sets. In the box plots the central marks of a symbol of '-' are the medians. And the whiskers of '┵' or '┭' extend to the most extreme data points.
Confidence interval of sample set
As shown in Fig. 1 , in the sample sets of 3 runs, 6 sets of 20 are out of the mean of population and 4 sets of 20 are also outside of the interval of 40 to 120. In Fig. 2 of the sample sets of 4 runs, 4 sets of 20 are also out of the mean and 5 sets of 20 outside of the interval of 40 to 120. Meanwhile in Fig. 3 of the sample sets of 5 runs, 1 set of 20 is out of the mean and 1 set of 20 outside of the interval of 40 to 120. In Fig. 4 of the sample sets of 6 runs no run is out of the mean and no run is also outside of the interval of 40 to 120. In the sample sets of more than 6 runs show the same result as shown in Fig. 4 of 6 runs.
Considering the above result this paper suggests the minimum simulation run of 5 times. For the purpose of obtaining the minimum simulation run this paper generated the random sample sets, assuming that the population is distributed normally. And the paper carried out the KS test for goodness of fit, and t-test for confidence interval. As a result conclusions are the following.
(1) When the size of the sample or simulation run is more than 3, the sample distribution follows the normal distribution under  test.
(2) The confidence interval of less than 5 simulation runs is much larger than that of 5 simulation runs and more. (3) In the box of 25th and 75th percentiles of less than 5 simulation runs, 4 sample sets or more of 20 are outside the mean of population.
In view of the above this paper suggests the minimum simulation runs of more than 5 times.
In the future the tests other than KS test will be applied to goodness of fit for the sample distribution.
